Aim: To investigate the effect of cognitive restructuring training on neurocognitive functions related to the prefrontal cortex in opioid addicts and its relationship to relapse prevention.
INTRODUCTION
Drug addiction is a persistent substance disorder characterized by impulsion to seek and take the drug, loss of control in intake, and negative emotional states (e.g. dysphoria, anxiety, irritability) when the drug is not taken [1] . It is estimated that there are more than 3 million drug users in Iran and addiction has become the third biggest social problem in the country [2] . Although addiction is associated with several complications, common treatments are not adequately effective [3, 4] , with annual success rates of the best treatment methods at 30-50%. Studies show that 20-90% of addicts who receive treatment experience relapse [4] [5] [6] .
One factor that has recently come to the fore in the etiology of addiction, especially the causes of relapse, is the impaired neurocognitive function of the prefrontal cortex [7, 8] . Even though the relationship is not clear yet, researchers believe that impaired neuropsychological functions are one cause of addiction; additionally, drug intake per se leads to the emergence and/or increase of neuropsychological problems [8] . The neuropsychological functions that play a role in addiction etiology and relapse are decision-making, cognitive flexibility, attention bias, emotion recognition, and response inhibition [8, 9] .
Scientists believe that psychotherapy affects the functioning and structure of the brain [10] . Beck urges: 'change your mind to change your brain' [11] . For example, many medical imaging studies have shown that cognitive-behavioral therapies improve high and abnormal metabolism in the prefrontal cortex, anterior cingulate gyrus, and anterior nuclei in people with obsessive-compulsive disorder [10] . Moreover, it has been shown that psychotherapy improves blood circulation and abnormal activity of the prefrontal cortex, anterior cingulate cortex and amygdala in depression, post-traumatic stress, specific phobias and schizophrenia. In other words, studies indicate that psychotherapy optimizes brain performance in areas involved in neurocognitive functions [10, 12, 13] .
In a recent study, Yoshimura et al. [14] used functional magnetic resonance imaging (fMRI) to investigate the effectiveness of cognitive-behavioral psychotherapy on the activities of different brain areas during self-referential processing of negative and positive words in people with depression. After a 12-session therapy course, the activity of the middle prefrontal cortex and anterior cingulate cortex decreased during self-referential processing of negative stimuli, but increased during self-referential processing of positive stimuli. In addition, improvement of depression symptoms was positively correlated with reduced activity of the middle anterior cingulate cortex during self-referential processing of negative words.
None of these studies investigated the brain's functional changes in drug addicts after psychotherapy, and there is no study into the changes of neuropsychological functions in addicts. In addition, all relevant studies have investigated the effects of cognitive-behavioral psychotherapy and ignored the effect of cognitive restructuring training. Therefore, the present study intended to fill these gaps. The second objective, also barely investigated, was to determine the relationship between the improvement of neuropsychological functions and relapse prevention in addicts.
METHOD Participants
Overall, 30 subjects from the statistical population which included all male opioid users (750 subjects) completed the 21-day detoxification program in 15 addiction recovery camps across the province of Shahrekord, Iran. They were recruited with convenience sampling and randomly placed in two groups of 15 subjects each (the control and experimental groups). The inclusion criteria were male gender, age 18-50, opioid addiction, no current severe psychiatric disorder, and a history of successful medication-free detoxification of 2-4 weeks before the experiment pre-test session. Patients with withdrawal symptoms and those with neurocognitive conditions that affect cognitive-emotional functions were excluded from the study.
Instruments

Urinalysis
To investigate the accuracy and consistency of patients' reports, the results of urine sample tests and patients' reports were compared; 85% agreement was achieved for the intake of drugs. In this test, the diagnostic strip was placed in the subject's urine on the side determined by an arrow. The results were indicated by the change of color of one or two bands.
Addiction-Stroop Task
This neuropsychological task is used to measure a person's reaction time in recognizing the color of drug-related stimuli as compared with neutral stimuli [15] . In Addiction-Stroop Task Software, substance-related words such as 'lighter', 'crystal meth', 'hangover' and 'opium' are displayed on the screen with different blue, green, red and yellow colors. The person is then asked to select the color of each word, as quickly as possible, using the colored keyboard buttons. The software retest validity has been reported at 0.80-0.91 [16] .
Iowa Gambling Task (IGT)
The IGT was designed to simulate real-life decision-making. In this test, the subject will win or lose depending on how they choose their cards. This test relies on gaining maximum wins through optimal card selection, where each card is associated with certain loses and gains. Participants are presented with 4 cards (A, B, C, D). They are told that each time they should choose one card. This process is repeated 100 times. By choosing a card they earn a reward or receive a penalty. These rewards and penalties are not random, rather they follow a certain logic: cards A and B have higher scores, but are also associated with more severe penalties, whereas cards C and D have lower scores and lighter penalties, and thus are safer choices. During the test, the person tries to win as much as possible by selecting the correct cards. At the end, the net score is calculated by subtracting the subtotal score of C and D selections from that of A and B selections. Although there is no study into IGT reliability, it has high face validity for simulating daily decision-making [17, 18] .
WISCONSIN CARD SORTING TEST (WCST)
This test was developed in 1948 by Berg & Grant [19] , and revised by Heaton [20] . It consists of 64 cards with 1 to 4 symbols, which are presented in different colors (red, yellow, blue, and/or green) and shapes (cross, circle, triangle, and/or star); no two cards are the same. WCST is a well-known neuropsychiatric test that measures abstract reasoning, cognitive flexibility, desperation, problem-solving, concept-formation, set change, and attention maintenance. Its retest and internal consistency reliabilities have been reported as 0.92 and 0.94 [19, 20] .
Emotion Recognition Scale
This facial emotion recognition test was created by Ekman [21] . It consists of 36 images that measure six basic emotions: anger, disgust, fear, surprise, happiness and sadness. The subjects respond to the images presented on a desktop screen. Answers are scored 1 (correct) and 0 (incorrect), and the total score is 0-36 [22] . Test Cronbach's alpha and retest reliability (after 1 week) are 0.71 and 0.85, respectively.
INTERVENTION
The experimental group received six 45-min sessions of Meichenbaum cognitive restructuring training [23] . The method was first introduced by Meichenbaum in 1974, and further developed by Meichenbaum and Cameron in 1983. It is now one of the most comprehensive cognitive-behavioral therapies.
Data analysis
Data analysis was performed by the multivariate analysis of variance (MANOVA) and SPSS 16 ; the significance level of α=0.05 was considered for all hypotheses.
RESULTS
Demographic characteristics of the subjects are presented in Table 1 . Participants' scores on the neurocognitive tasks, before and after the intervention, are presented in Table 2 .
Archives of Psychiatry and Psychotherapy, 2016; 1: 14-21 There was a significant difference between mean pre-intervention and post-intervention scores in both groups in decision-making and emotion-recognition, but no significant difference in cognitive flexibility and attention bias (Table 3) . As shown in Table 4 , χ 2 is not significant at the level of 0.05 -therefore, there is no significant difference between the two groups in terms of relapse prevention. Although relapse in the experimental group was lower than in the control group, the difference was not significant.
DISCUSSION
The present study aimed to investigate the effectiveness of cognitive restructuring in emotion recognition/processing and cognitive impairments in drug addicts. Although cognitivebehavioral therapy for substance abuse is considered to develop adaptive skills, many active components of cognitive-behavioral therapy exert their effect through the empowerment of some aspects of executive control over behavior [24] . For example, one probable reason for longterm effect of cognitive-behavioral therapy is its focus on the following general strategies: exercise of cognitive control over some over-learned patterns of substance intake through functional behavioral assessment (e.g. identification of the prodromal periods of drug use and its results); reduction of an impulsive response to substance-dependent cues through craving control strategies (regulation of craving and negative emotions); improvement of decision-making and problem-solving skills; and identifying, challenging and exerting control over substance intake-related cognitions [25] .
Following this reasoning and considering the studies in the field of medical imaging showing that psychotherapy, and especially cognitivebehavioral treatment, improves blood circulation (functional dimension of the brain) and adjusts gray matter of the brain (structural dimension) in different disorders, it may be concluded that such therapies alleviate neurocognitive dysfunctions.
Our results showed that teaching the cognitive restructuring method to drug addicts does not reduce attention bias towards substance-dependent stimuli. These findings are inconsistent with the discovery by Calamaras et al. [26] that cognitive-behavioral therapy for social anxiety reduces attention bias towards social threatening cues. This inconsistency can be attributed to two facts. First, according to cognitive models, attention bias in anxiety is due to a comparison or confirmation of the self-image by social stimuli; whereas in addiction attention bias is due to substance abuse that causes damage to some parts of the brain. Therefore, it is possible that areas of the brain required for the modification of attention bias are damaged by drug intake. Second, inconsistency of results in the present study with Calamalas et al. is due to the use of different attention bias assessment methods (Addiction-Stroop Task vs. Dot Probe Task). Recently, researchers have used attention bias modification as an adjuvant therapy for cognitive-behavioral addiction treatment and shown that it was more effective than the common treatment method [25] . This indicates that attention bias has unique therapeutic mechanisms that are not directly affected by traditional cognitive-behavioral addiction therapy.
Our study suggests that cognitive restructuring training greatly improves decision-making. Indeed, it can be said that a cognitive recognition course reduces the risk of bad choices made by the addicts. This finding is consistent with previous studies, where psychotherapy, especially cognitive-behavioral therapy, improved blood flow to ventromedial prefrontal cortex, which is most closely associated with decisionmaking [12, 27] . We also established that cognitive restructuring improved subjects' capability in emotion recognition from facial expressions. Studies have shown that emotional information processing is performed by the amygdala and ventromedial prefrontal cortex. As psychotherapy optimizes brain activity in these areas in such disorders as depression, post-traumatic-stress specific phobia and schizophrenia, the hypothesized effectiveness of psychotherapy in increasing emotion recognition capability is very probable [12, [28] [29] [30] . Moreover, our findings are consistent with those of Yoshimura et al. [14] , who used fMRI to show that cognitive-behavioral psychotherapy in people with depression reduced the activities of medial prefrontal and anterior cingulate cortex when processing negative stimuli.
Our study suggested that training in cognitive restructuring did not significantly improve cognitive flexibility. Similar to other neuropsychiatric functions, there is not much information on the effectiveness of cognitive-behavioral therapy in the improvement of cognitive flexibility, and all relevant studies are into specific phobias and schizophrenia. In the current study blood flow and metabolism in anteriorlateral parts, which are both involved in cognitive flexibility, were improved during psychotherapy [31] [32] [33] . However, this is inconsistent with previous research, which is due to the differences in samples, damaging effect of substance abuse on brain structure, and therapy techniques. It is worth noting that the studies cited here are performed at the medical imaging level and have not looked at subjects' performance in the test and whether any post-therapeutic changes were observed. This gap should be filled in future studies.
Results of the chi-square test showed that posttreatment prevalence of opioid avoidance was higher in the cognitive-restructuring group than in the control group, but this difference was not significant. Relapse reduction in the treatment group is consistent with previously obtained results, for example of Marlatt & George [3] , looking at the effectiveness of cognitive-behavioral strategy in relapse reduction, and of Marques & Formigoni [34] , investigating the effectiveness of cognitive-behavioral therapy in treatment and prevention of relapse in drug-dependent patients. In explaining these findings it can be said that the most critical predictor of relapse is people's capability in using an effective coping strategy when faced with high-risk situations, low self-confidence, and wrong attitudes Archives of Psychiatry and Psychotherapy, 2016; 1: [14] [15] [16] [17] [18] [19] [20] [21] towards substance abuse. Cognitive-behavioral therapy can help prevent relapse by providing the required coping strategies, changing one's attitude towards substances, and improving selfconfidence [35] .
On the other hand, cognitive restructuring training did not significantly prevent relapse in our sample, which is inconsistent with the findings of previous studies. This lack of significance may be attributed to the low number of therapeutic sessions -a 6-session course is not long enough for a cognitive-behavioral therapy. For example, Siegle et al. [36] proposed a 16-session therapy. The other reason may be the confounding effect of participation in other training courses such as self-help groups, especially among the control group.
According to Kiluk et al. [24, 37] , teaching coping skills and their acquisition by addicts is a very important factor in the determination of the effectiveness of cognitive-behavioral addiction therapy. Learning these skills depends on being highly motivated, having a positive attitude to therapy, and the absence of cognitive dysfunctions that would intervene with treatment. Thus, the insignificant effect of cognitive restructuring therapy in relapse prevention may be attributed to the fact that the subjects who participated in educational sessions had highly disturbed cognitive functions, which inhibited them from acquiring the required skills. In addition, they might lack the required motivation for learning the skills or a positive attitude towards the therapy [25] . On the other hand, studies have maintained that although cognitive-behavioral therapy is associated with median and higher impact on many psychiatric disorders, its effectiveness in addiction therapy is low [38] .
IQ level is another factor that affects the effectiveness of cognitive-behavioral therapy in addicts with impaired cognitive processing capability. In fact, the success of cognitive-behavioral therapy depends on the patient's IQ. Therefore, one reason why cognitive-behavioral therapy may fail is that the subjects did not have the required IQ level [37] .
In addition, the reason for insignificant relapse prevention may be the fact that all important neuropsychiatric functions have not been modified by the cognitive restructuring training at the onset of addiction, its maintaining and relapse. Attention bias and cognitive flexibility, important factors in the maintaining and relapse of addiction, were not modified in this study, which per se can be a cause of relapse. For example, the mind of a cured addict who still has attention bias towards drug cues is easily engaged with them. In addition, lack of high cognitive flexibility inhibits the patient from shifting their mind to other mental activities. Although their emotion processing and safe decision-making processes are improved, this improvement is not enough for coping with the craving that may arise and preventing relapse. Accordingly, adjuvant therapies such as attention bias modification should also be provided to the addicts to prevent relapse.
Among the limitations of this study is a lack of control over the effects of comorbid psychiatric disorders which might affect neurocognitive functions, although this issue was addressed by not including subjects suffering from severe psychiatric disorders and random assignment of participants into the experimental and control groups. In future studies it may be beneficial to recruit addicts with similar psychiatric disorders. Other limitations were a lack of follow-up to investigate the long-term effects of therapy, and heterogeneity in the history and amount of drug intake among the subjects (which was also addressed by using random assignment). Future studies assessing the long-term effects of cognitive restructuring therapies are called for.
